exactly how the mask is held or how much force is applied include whether the patient is awake, the need for an airtight seal, patient age and patient anxiety. Regardless of the clinical indication, the ease with which an airtight facemask seal is created has While anaesthetic facemasks have not been independently evaluated, the process of formal preoxygenation has been evaluated extensively. In this reason for failing to achieve an adequate level of preoxygenation [1] [2] [3] . In one study, using a black rubber facemask (BOC), despite ideal conditions, over 20% of healthy adults failed to achieve an expired oxygen concentration of greater than 90%, which the authors had proposed to be a suitable target obtainable within three minutes 2 . A more recent study 4 . Different breathing systems have been compared during preoxygenation 4, 5 , but despite the need for a good comparing anaesthetic masks with alternative patientcircuit interfaces, e.g. mouth piece and Hudson masks 3, 6, 7 .
The disposable Intersurgical Scented mask (Intersurgical, Wokingham, Berkshire, U.K.) and the classic different design and we hypothesised that the transparent, pliable, soft-cuffed Intersurgical mask would facilitate a better seal and so be a more effective mask.
METHODS
Ethics Committee approval was obtained and all study subjects gave informed written consent prior to participation. Pilot data for fractional expired oxygen concentration (F É O 2 ) was obtained from a previous unpublished pre-oxygenation study at Dorchester SUMMARY When considering anaesthetic masks, the quality of the mask-face seal is a key determinant of performance. This randomised crossover trial utilises expired oxygen concentration to compare the efficacy of two routinely used facemasks. Thirty subjects were randomised to breathe 100% oxygen via either a traditional reusable black rubber mask or the disposable Intersurgical Scented mask for three minutes. This was then repeated using the other mask. To compare the impact of mask design on the quality of the mask-face seal, it was necessary to minimise measures taken by the anaesthetist to correct for a poor seal. To achieve this, the anaesthetist was requested to hold the mask in a manner consistent with an airtight seal, but they were blinded to capnography and reservoir bag movement. Expired oxygen concentration was recorded at 15-second intervals. From the oxygen wash-in curves, the Intersurgical mask consistently outperformed the black rubber mask. At three minutes the Intersurgical mask performed better than the black rubber mask, with mean end-tidal oxygen concentrations of 86.9% vs. 81% respectively; P=0.008. These findings indicate that the soft cuff design of the intersurgical mask provided a better seal than the black rubber facemask.
Hospital, in which 32 individuals breathed oxygen over a three-minute period, with measurements at 15-second intervals. The area under the curve (AUC) analysis generated a mean AUC (SD) of 229 (19)% over three minutes (equivalent to mean F É O 2 (SD) of 76.3 (6.4)% throughout). This data was used in the sample size calculation, so that using 30 subjects and assuming a medium correlation between measures in the same individual (r=0.5), with a two-sided 5% to detect a difference of 12% over three minutes (equivalent to a difference in average F É O 2 of 4%).
We studied 30 healthy individuals who were all members of staff from within our Operating Department. Exclusion criteria were any member of the Anaesthetic Department, age less than 16 years and any symptomatic cardiovascular or respiratory disease. Demographic data (gender, age, height and weight) were collected from each subject. As this was a crossover trial, subjects undergoing pre-oxygenation acted as their own controls.
Each individual underwent two three-minute cycles of breathing 100% oxygen. Our circuit consisted of a black rubber mask (BOC, WSP Facemask, product numbers 372623, 372624, 372625, Datex-Ohmeda, Scented mask, product codes 1123-5, Intersurgical (HMEF) and circle system delivering oxygen at eight litres per minute. Although, the Intersurgical mask has a valve to adjust cuff volume, the mask was used as produced by the manufacturer. Individuals were randomised by sealed envelopes to determine É O 2 was measured using a Datex AS3 monitor which had been calibrated appropriately. The gas sampling line was introduced into the circuit via a gas sampling port on the mask angle piece and sealed to ensure no leaks, the tip of the line was then advanced into the mask until adjacent to the subjects' lips so as to obtain the most accurate F É O 2 . In this way a reasonable capnography trace was obtained with both masks from all subjects regardless of air entrainment (where sampling from the HMEF becomes unreliable).
Prior to commencing each cycle, we recorded the initial expired oxygen concentration. Subjects lay in the supine position and were instructed to breath normally through their mouths. The circuit was then expiration. F É O 2 was recorded manually at 15 second intervals, enabling construction of an oxygen wash-in curve for each mask. A 10-minute period between each cycle allowed re-nitrogenation of the functional by ensuring that our time zero values for F É O 2 were within ±1% for each mask. Intersurgical masks were replaced and black rubber masks were washed between subjects.
An experienced anaesthetist performed all tests. Mask size was at the discretion of the anaesthetist (Intersurgical; small, medium or large. Black rubber; size 3, 4 or 5), who placed and maintained each mask in a manner consistent with achieving a good seal. The anaesthetist was blinded to indicators of a good to the F É O 2 .
The primary outcome was area under the curve over three minutes. Secondary outcomes were the measurements made every 15 seconds. Comparison between the two groups for AUC and F É O 2 were performed using paired samples two-tailed Student's t test. Paired comparisons between the groups were made using McNemar's to analyse the proportion of individuals failing to achieve 80% F É O 2 by three minutes.
RESULTS
The mean age of the 30 volunteers was 41y (range 25-56), mean weight was 73.4 kg (range 55-105 kg) and mean height 168 cm (range 132-187 cm). There were 11 men within this study group of whom two had beards.
Comparison of AUC for each group demonstrated P=0.09) as shown in Figure 1 . However, the mean F É O 2 at three minutes for the Intersurgical group and black rubber group were 86.9% (range 67-93, SD 5.3) and 80.8% (range 28-93, SD 14.5) respectively (P=0.008). The difference between the two groups was not the result of just one or two subjects performing badly with the black rubber mask. This can be seen from the data in Table 1 , where at three minutes, 33% of the black rubber mask group, compared to 7% of the Intersurgical group failed to achieve an F É O 2 of >80% (P=0.008). monitoring feedback (reservoir bag movement and capnography) to minimise the ability to compensate for air entrainment. By taking these measures, we hoped to assess the effect of mask design on the seal obtained and not how effective the anaesthetist was at compensating for a leak. Nevertheless, the importance of feedback from monitoring during pre-oxygenation probably explains the lower rate of successful preoxygenation (F É O 2 of 0.9 or more at three minutes) in this study, when compared to that found by Berry et al 2 . However, absolute speed of pre-oxygenation was not the aim of this study. It was not possible to study, as we were not able to blind the anaesthetist as to which facemask was being used.
We have used the expired oxygen concentration as a surrogate for direct measurement of air entrainment to assess anaesthetic mask-face seal. This application of paramagnetic oxygen analysis has been previously described 2 and is now the standard research tool for monitoring pre-oxygenation [4] [5] [6] [7] [8] . Inspired oxygen concentration, while more logical, cannot be measured easily beyond the point at which gas mixing occurs: this would require measurement in the nasopharynx, larynx or trachea.
This study is not a comparison of anaesthetic facemasks used during formal preoxygenation, because in the normal clinical situation, feedback is used to would expect the performance difference between the two masks would be less. However not all formal pre-oxygenation takes place under ideal conditions, where close attention can be paid to monitoring. It this study are relevant to clinical practice, in particular with respect gas induction, informal pre-oxygenation and preoxygenation where adequate feedback tools are not available. We cannot comment on facemask performance for the maintenance of positive pressure ventilation.
It should be noted that anaesthetic facemasks are not subject to clinical trials prior to release into most markets. Instead, manufacturers must simply meets a series of requirements as indicated by the Medical Devices Directive. This does not mean that the device is safe, or that it has adequate performance 9 . Our clinical experience has been that there appears to 
DISCUSSION
We have demonstrated that it is easier to obtain a consistently good seal in awake spontaneously breathing subjects using the soft cuffed Intersurgical Scented mask compared with the standard black rubber anaesthetic mask. The traditional black rubber anaesthetic mask is a tried and tested design that in the clinical setting performs well. However it is fairly rigid, with a small cuff, which means it cannot accommodate extremes of facial anatomy. In contrast, the Intersurgical Scented mask features a generous soft cuff and pliable body that allow it to be moulded this better seal, with greater variability in the F É O 2 achieved by three minutes in the black rubber mask group. Indeed, while there are a greater number of subjects with low three-minute F É O 2 levels in the black rubber mask group, the number of subjects achieving >90% was similar in both groups, suggesting that When considering the mask-face seal, the variables can be divided into three groups; patient factors, anaesthetic factors and the mask itself. In order to study the role of mask design it is necessary to control the other two groups of variables. Patient factors such as face shape, presence of facial hair, age and dentition were controlled by using a crossover study and random order of mask selection. Anaesthetic variables were minimised by using an anaesthetist with extensive clinical experience with both masks, who was instructed to hold each mask in a manner consistent with achieving a good mask-face seal thoughout each cycle. difference between two facemasks. We therefore recommend more widespread use of studies such as this to quantify equipment performance prior to its launch into clinical practice.
